Zinc is known to be essential for a great number of biochemical activities and physiological and cognitive functions. The objective of Zenith study was to investigate the effects of Zn, as a nutritional supplement, on psychological and behavioural factors and on surrogate markers that are indicative of trends towards better health in order to evaluate the need for dietary recommendations specific to the studied population. We report in this paper the summary of baseline results obtained before Zn supplementation.
Introduction
Zinc is known to be essential for a great number of biochemical activities and physiological functions, as well as being involved in cognitive function and taste (Heyneman, 1996 , Black, 2003 . Dietary enrichment with Zn may be beneficial for health, especially for antioxidant defences, immunity and protein metabolism in groups at risk of suboptimal Zn status, such as older people (Shankar & Prasad, 1998) . Zn excess, however, can also lead to adverse biological effects by interactions with copper or iron metabolism or by a possible paradoxical decreased activity of Zn-metallo-enzymes (Bremner & Beattie, 1995) . The determination of benefits to health of Zn is becoming much more important because of the increased interest in, and market availability of, fortified foods and the increased use of dietary supplements. Food enrichment with Zn is currently used in some fortification processes.
The ZENITH study
The project entitled 'Zinc Effects on Nutrient/nutrient Interactions and Trends in Health and ageing (ZENITH)' was funded under the European Union's Fifth Framework/ Quality of Life and Management of Living Resources, Key Action 1-Food, Nutrition and Health. The overall objective of this project was to investigate the potential of Zn, given as a nutritional supplement to late middle-aged and older population groups, in order to establish beneficial effects on psychological and behavioural factors and on surrogate markers (antioxidants/oxidative stress balance, immunity and thyroid functions, bone metabolism and protein synthesis) that are indicative of trends towards better health in these vulnerable population groups in order to evaluate the need for dietary recommendations specific to this older population. The Zenith study design was a randomized, double-blind, placebo-controlled intervention trial in late middle-aged men and women recruited in four European centres (INRA-Clermont-Ferrand, UJF-Grenoble, UU-Coleraine, INRAN-Rome). Participants were apparently healthy men and women volunteers between 55 and 70 y of age (late middle-aged population) and between 70 and 87 y of age (older population). The middle-aged subjects were recruited in France (Clermont-Ferrand) and Northern Ireland (Coleraine), while older subjects were recruited in France (Grenoble) and Italy (Rome). Subjects were randomly assigned to one of three groups to receive either a placebo or 15 mg Zn/day or 30 mg Zn/day as gluconate for 6 months. Clinical and psychological examinations and blood and urine samples were taken prior to supplementation, and after 3 and 6 months of Zn supplementation.
Psychological parameters
In the ZENITH study, regional differences were evident as regard to dietary habits and physical activity, with a decline in the latter according to age. This has important health implications for older adults and needs to be taken into account when investigating the effects of Zn supplementation on psychological and biological parameters on a panEuropean adult sample (Simpson et al, 2005a) . The ZENITH study is designed to assess the effects of Zn supplementation in ageing European citizens. The current report has defined the baseline levels of positive and negative mood, and shown that, for the most part, our findings are concordant with those reported elsewhere. It has, however, identified two exceptions to this trend among older participants in Italy and France. If nutritional supplementation is important for mood regulation, these two exceptions should provide good tests of efficacy (McConville et al, 2005) .
The ZENITH results support previous research showing agerelated decline in cognitive function. Significant differences associated with old age were found in this sample of older Europeans for measures of visual memory, working memory and attention. In addition, male subjects outperformed female subjects on at least one measure of all three aspects of cognition; however, these sex differences were more evident in two of the four centres (middle-aged participants in France; older participants in Italy) than in the other two centres (middle-aged participants in Northern Ireland; older participants in France). European differences in cognition need to be investigated further, taking health, lifestyle and other factors into account (Simpson et al, 2005b) .
Finally, the use of the 'basic taste' paradigm to study taste acuity is controversial. It has been argued that such an approach fails to reflect the full range of tastes perceived (Schiffman, 2000) . In defence, it could also be argued that the basic tastes (in solution form) provide a well-controlled model that enables comparison across studies and is useful for understanding factors determining taste perception. The approach is useful in generating hypotheses to drive more ecologically sound, food-based research. This study is unusual in exploring zinc status in relation to taste sensitivity in healthy rather than a clinical sample. These findings, consistent with those derived from clinical studies, suggest that supplemented zinc or zinc-rich foods could compensate for and correct deficiencies associated with decline in the sense of taste and appetite associated with aging in healthy older people (Schiffman & Graham, 2000) . Meanwhile, future research should focus upon salt taste, zinc status and food preference in healthy ageing.
Micronutrient intake and status
In the ZENITH study, only a low prevalence of Zn deficiencies in healthy late middle-aged and older subjects living at home was observed (Andriollo-Sanchez et al, 2005a). These older European subjects for the most part had adequate Zn intakes. These data on European population are consistent with data from others studies carried out in the US, underlying similar habits in Zn intake in developed countries (Paik et al, 1999) . The descriptive analysis showed also that there are only modest differences in the nutrient intake and vitamin nutritional status in the middle-aged and older inhabitants of the three European regions. In fact, evidence of inadequate dietary intakes was largely lacking, with the exception of total energy and vitamin E in old-aged subjects, where 20 and 33%, respectively, of the population (both sexes) living in Grenoble showed dietary inadequacy. In conclusion, on the basis of dietary intake and biochemical measures of vitamin status, deficiency of vitamins A, E and folate did not appear to be prevalent in the middle-aged to elderly subjects participating in the ZENITH study. This good status may have been due to the apparently healthy status of the volunteers and may not be representative of older adults in the general population.
Thyroid hormones and basal metabolic rate
The ZENITH study confirmed the age-related decline in BMR, which cannot entirely be explained by body composition or thyroid hormones differences. These data support previous research. The descriptive analysis showed also that older individuals have a moderately higher plasma concentration of total T4. A moderate negative correlation between plasma levels of total T4 and red blood zinc suggests that low zinc status may promote higher plasma total T4 levels. Possible mechanisms for this effect include increased production of T4 or reduced metabolism of this thyroid hormone, such as decreased conversion of T4 to T3. The results presented here suggest a decrease in the deiodination of total T4 to total T3 with age and it is possible that zinc status may influence this process.
Oxidative stress markers
The data of the Zenith study provide information regarding age-related oxidative stress in free-living healthy elderly compared to late-middle aged subjects. Our findings suggest that free-living healthy older European subjects are not exposed to an acute oxidative stress . However, the highly significant positive correlations between ageing and sensitive markers of oxidative stress, such as plasma thiol group oxidation or decreased ferric reducing ability of plasma (FRAP), are predictive of an increased risk of oxidative stress in free-living older subjects. Moreover, the comparison between middle-aged and older subjects in relation to oxidative stress parameters suggest also a progressive and slow decline of antioxidant status in healthy free-living older subjects and underline the impact on lifestyle factors in successful ageing.
Immunity functions
The findings of the ZENITH study show that between the ages of 55-70 y, healthy individuals experience significant alterations in immune function (Hodkinson et al, 2005) . Such changes, however, are largely sex-specific. It is unclear what the long-term impact of suboptimal Zn intakes may be on immune function. Zn is known to be essential for optimal immune function and our findings suggest that serum Zn concentration is negatively correlated with age; thus, it is possible that maintaining optimal Zn status during latemiddle age will be advantageous to health and successful ageing, potentially mitigating against age-related changes in immune function. Clearly, further research is needed to explore the effect of improved Zn status on emerging immune deficiencies in cell-mediated immunity in healthy 55-70 y olds. In the Zenith study, the influence of Zn status, sex and antioxidant defence on immune response have also been investigated (Finamore et al, 2005) . The results obtained did not show a different proliferative capacity between men and women. Despite the lack of sex influence on the average values of stimulation index, a trend of positive correlation between stimulation index and serum Zn in men, but not in women, was found, indicating that the proliferative capacity of lymphocytes of men was more efficient when the amount of Zn was higher.
Bone metabolism
There was some, albeit inconsistent, evidence of a relationship between nutritive Zn status and bone turnover in the participants of the ZENITH study (Hill et al, 2005) . However, these are still only associations and the issue of causality remains to be clarified. Within the ZENITH multicentre prospective 6-month Zn intervention study, which employs a randomized double-blind design, we will be able to more directly assess the influence of altering Zn intake, and presumably therefore Zn status, on the rate of bone turnover in these older European adults.
Conclusions
This special issue deals only with baseline results from the beginning of the study. The ZENITH project has just only very recently been completed and examination of the effects of Zn supplementation on the numerous health indices are being analysed and finalized. These findings will be available in the coming months in the relevant journals.
